< ' . ■ ; r. • 



■1^ 



- 1 ^ 



IMAGE FORMING APPARATUS AND TONER USED THEREIN 



^^^^^^ : : BACKGROUND OF THE INVENT 

; 'field OF, THE INVENTION: ^ " ; : ' " : ■. 

5 ; ' ■ ' . The present^; invention relat forming 
. apparatus which forms an . Image . . by electrophotography - arid 

• ••k '."■** ^ . , • ■ • ... ■-. 

. - t the. Image forming apparatus/. 

^ . DESCRIPTION ; OF VTHE PR^^ : . . 

■ Currently.^, .most of image; forming apparatuses which-. 
10 ■ require high speed and - high image . quality adopt - an image 
forming method, ^in accordance, with, an -electrostatic . latent 
image . scheme including ..electrophotography as a predominant 
■ scheme. . One of . the- reasons for this is that these, image 
. forming apparatuses can pirovide high-quality images at high 
15 speed with stability and can , also be applied to the - . 
formation . of color images or digital images. . However/ the-., 
market requests Na high-level performance from an imag:e 
. forming technique,, and., thus ...a. further . improvement in 

.performance has been demanded . in ^- an electrostatic latent . 

■ ■ - ■ ■ ' •' ■ ' * ■" ' . • ■' ' . . ' • . • • ' . " ' 

20 image scheme as well. , 

.There is known an image forming apparatus comprising 

image carriers for respective. colors of yellow (Y) , magenta ■ 

\ (M) cyan - (C.) , . - and . black ;- (K).;' ' developing, means . for 

„ Mievelopiiig latent images formed on the image carriers using 

" , . . - ' " f - ■ .■ - • . ' -»»..".. 

25 toners of the corresponding - colors , primary transfer; means..- - 
for the respective. Icolors . for. sequentially overlaying and\.. 

: • • . . ' . . .- .■ ■ .. . ■'•v. , 

: : transferring the. ' toner ..images f • in ;. the\ respective. V colors . 
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. . formed on the ; image - , carriers: jonto the same ihtermediate , 
- . transfer. . body/ -.a . secondary transfer means, for collectively 
^, .; t the V overlaid toner/: images .' formed- on. the . 

: 7 * intermediate transfer body onto ...a . transfer; paper a 
^ 5 V vf ixing means for .fixing the; torier' i , \ . ' ' 

/ There J_s^^ a known "an; image :.. forming/ . apparatus 

;■■ comprising image . carriers , for the respective : /colors , ' 
developing means, for developing, latent ^.image?; formed oh; the ; 
image carriers using toners of .the corresponding, colors.,; 
10 . transfer . means . for the respective colors for sequentially' . , 

overlaying-: and transferring the,:, /toner; , images / in / - the: 
,f •;. ••respective colors .. formed on the image., carriers . onto the 
. same transfer paper ,, and a." f ixing means for / fixing . the 
overlaid toner . images formed on . the, transfer paper. . . ' ; 
15 ■■ .Additionally , : toner for .use in the above-mentioned 

image forming ajpparatuses ; is' known'. ./. An external additive. . 

• ■ ■ * - * f ■ ^ . ■ ' ^ ^ " ' ■ ■ 

-- ■ , ,1 . - ■ ' . " ' 1 " ■ " " ' " ■ " \ " ' 

is fixed on the surface .of the toner. /. ' 
; ; • ./ A transfer - means for : bringing .an -intermediate ' 
transfer -body into, contact with a photosensitive .drum as an 

20 : ■ image qarrier and performing transfer = by. pressing: the 

• . ' . • • ■ *■■•■.•. ■ ' • • ■ ' • - ■ ■ 

v.: photosensitive drum from inside , the intermediate / transfer 
/'. body with a transfer .roll or the like^ generally presses the • 
' photosensitive; drum through the - intermediate, transfer, body:. 

. It; is / however / not enough, to- set only conditiohs:/such, as / 

■ • ■ ■ ■■ ' •• ' ' , ■ ■ . ■ ' -•'■•.«■■ ' ' ■ ' ■ ' 

t - 1 -, ■ ■, . ' ■ ' " ■ - . - ■ . . * . - . . .. " 

25 pressing / conditions , a difference between ■ the/:, linear. ; 
/ velocity; . of the : photosensitive drum and .■■^vthat;^/„ o;tv^' /the;'-; » 

'■'--*:'■•■' ■■ ; " : . • ■ , . -'. ■ ' . . '.- ,i ■■''■•.■.'■..".■.-.-'■•■*•' v'; 

• • t- .... ..... 7 . . . -. . * . . • ; > * '". ' • . •; " ' ■ '.- 

' intermediate .transfer layer, , and the like . to .preyent : a; poor / 
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transfer phenomenon (a phenomenon called poor -transfer that, 
a V non-transfer portion appears in the centerv of an image) . 
of characters, and the ; like : - //V . ;^ , ■ - :^ ■ ' ■ / • 

"^^It .is known . that toner remaini a.: photosensitive 

drum , .is: removed by a \ cleaning'' blade / How 
toner', having a- small .particle size is hard to . scrape of f .i. 
Additionally , ' toner 'of a. color . qther, than black contains a : 
large ■ amount of organic .pigment as : a colorant: and is of ; 
high ; ■resistance^'. : thereby • increasing , electrostatic, 
adsorpti'pn to- the' photosensitive drum,^ ::C^ color 
.. toner is: hardei:" -to. scrape- of f than black toner . Moreover ^ ; 
the form^ation of a-, film of toner .i.e toner filming ■ is 
likely, to occur on f he . surface of the. photosensitive drum. 

■ P Var ious , types of toner external - additives. . are used.. , - 
In.,' : some;..', c a so-called poor transfer . phenomenpn 

described- above, is not resolved ' or . the. clieaning of . toner 
remaining: on an image carrier, is not stably performed, even 
with these : additives . It .is therefore difficult to 
simultaneously achieve the .prevention .of poor transfer and 
stable cleaning of . the. - toner remaining on .the image 

: carri'er..- .--r ... "-r:-"'^".'. v'' ■''■■■^ ■ , . v., -"' ■ -' 

SUMMARY OF THE INVENTION 
". The .present invention .has been made in .consideration 

' . ■ ~ ' * ~ : ; . - • . . ■ ■ - L ■ ■ .1- • 

. - ■ ' ' ' ■ ' . . . ' , . . . 

of. the above-mentioned, situations.- in; the prior art, and has 
: its object , to provide' an . image' . forming apparatus • 
avoids .poor .-transfer and \ toner ,_. filming' and: = ; improves ;.• the. 

cleaning properties and ' which . can f orm . a ; high-density • image;. 

"... ■ . ^ . ■ *. • ■ . ..*'... ^ * " - ■ . '. ■ . . \ ' ' ' ' 1' ■' • ■ ' <• ' '■ 



excellent: in .sharpness and the like, and toner used in the 
. ■ . ^ "(image- formingl' apparatus \/. ^ j > ; r"; 

^ • In order tO; achieve t:he above bbj ect , ,a,ccprding tp 
: .the , : f irst/- . aspect • of .:~ the : present- invention, . -there is • 
5 provided- . an . image • forming : apparatus comprising . imaige - 
• carriers . for colors of' yellow ' (Y). magenta . (M) , cyan (C)., 

. and . black V (K) . developing means for . developing - latent 
images, formed pn ; the .iinage carriers "using toners of the 
; corresponding colors , transfer . means for transferring toner . 
10 images - in . the respective., colors; formed ■ pri: the image 
/ carriersV'pnto- the. .same transfer. :bp(iy,; . and; fixing means for 
fixing the- tQner: .ip^<^g^sV- wherein ^. the . developing. , means 
.performs development .using toner - in which; out of five 
'materials of silica^j titania, barium. sulfate^ .fi^^^ polymer' 
15 particles , . and a lubricant , materials : not- including either 
the fine ' polymer particles or the barium sulfate- .are fixed- 
. as an external additive. ; ■ ' • ' 

According ■ to. - the ' second aspect . of the present 
- .inveht'ibn> there- is provided an . image. - forming apparatus . 
20 wherein the transfer means according, to the .. first aspect 
.comprises primary transfer means for^ the respective colors 

...-(' . ^ . •.--■-*. ' ' . , ' . 

*-■ - •' - ■ " ' • ' ■ * ' , " . - * ■' ' ■ - . ' ' . ' - " • . ' 

. for sequentially .-overlaying and transferring the toner 
images', in . the. ■ respective colors • formed on the . image., 
carriers ; onto the same' intermediate transfer, body serving 
25" .as a ; transfer ■ body and secondary transfer .means for 
, collectively .transferring, the overlaid toner images,: .formed 
- > on the intermediate body onto, a, .transfer' paper serving as ; 
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• . anotlier transfer body J: ' ^ - 

According J to >the third/, aspect . of . the. ; presents 
■ invention, there is -provided '^an^ image- forming / apparatus. ; . 
wherein- the transfer means;.^^ ^a^^ to v the first aspect 

5 comprises, 'transfer means for the respective;; colors for 
! sequentially overlaying and "transferring, the . toner images 
in the respective colors . formed on the image carriers onto - 
: . . the same; transfer -p the transfer body /^^. : ^ ^^^^ 

. V .- In - order to achieve^ t^^ according to ; 

10' ' the . fourth; aspect of - .the. present" inventioh// t^^ is ; 

. V . provided a . toner used- ■.in an/ image "forming ■ apparatus which: 
. ./ causes image carriers' for colors of yellow.-. (Y) .magenta- 
. (M) , cyan (C) , and black (K) to perform development using 
.^ toners of the respective colors, transfers toner images in. . 
15 the- respective colors ; from the image carriers . onto/ the same 

.; • • . . . ■ . - ■ . = ~ ■ . ." . ■••,'*■ •.• ■ ■ . , 

.-•' transfer body^ and fixes the 'transferred toner, images, 
/ wherein materials for an external additive which is f ixed . 
\ /on a surfa'ce of the toner include, out of five, materials of 
silica , . titariia, - barium sulfate , * fine polymer particles , 
20 and a lubricant, /.four - materials not - including either the . 
\ -fine polymer, particles or the barium-; sulfate . 
: /:/^* According to the / fifth . aspect- of,-^ the present ; 
. invention there is. provided -a.: toner wherein the transfer. 
' of ./ the-- toner images in the respective colors -, onto the ; - * 
25 "transfer body, according' to the . fourth; aspect comprises. 

'■" - " '■'■i * ' * ^' ' • , ^ ' '*"- 

' pirimary transfer for, the ./respective ;colorSv; of sequentially 
.;: overlaying • and - -;:tran$f erring; ■ the toner/ images . ,' in/ the ' 
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■ ■-. respective colors form the image carriers onto . the 

: / . same intermediate trans fei: body serving .as a transfer : body 
; and" secondary -transfer . of coirectiyely .. trans the' . 

■ overlaid" toner images formed on the. intermediate; transfer 
/: 5 body : onto^ a; : :transfer paper- serving as .■.^another tran 

. <\ -rV'-body. ■ -. •• = ^ ■' / * 

According to '..the ' sixth- aspect . of ..the. present 
invention/, there lis . provided a toner wherein , the transf er. - 
of the. toner images. - in the • respective colors onto the 
IQ transf er^ body; according to- ■ the. fouirth aspect, comprises 
. ' transfer for . -the. respective colprs of sequentially 
'.overlaying and transferring the toner ;images in, ..the 
; respective colors formed oh the image carriers onto :the 
same transfer paper as thq: transfer body. • 
15 As can be seen; from' the aboye aspects according, to 

; the present invention the folldwing effects -are achieved,. 

^> A combination of . the . first and second^ aspects can 
provide "an image forming apparatus capable of avoiding poor 
. transfer . . and toner filming/ improving:, the cleaning 
20 properties, ' .and forming an excellent image; ; If toner which 
is prepared by - toner polymeriza.tion, to have a small uniform 
particle size is to" be employed ; to improve the - image , 
quality, ' the' , cleaning. - ;;. properties . ... may ... .degrade. / 
■Additionally , ' if a r transfer pro6^ss is ..adopted to iihprove 
25. - the printing speed,- a poor transfer phenomenon. - m^ 

due to double: transf er ... . W external additive compounding . 
V'.;" to "'.-'.the.! toner* ' -. -o.f ."^ ■ the present / invention , , the v developing 
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properties , and , transfer \ properties: are improved, and the : 
v : . toner attraction, amount d^ nQt\ . vary, ciepending on the 
environment// In addition; poor transfer /is avoided, and 
^ /.-■ " ; the cleaning properties : are _ improved - / 

. /5 - v-/^:'^^^ the:; first and . third aspects can 

provide an image forming; apparatus capable of avoiding poor . 
..■ transfer;. and toner filming,. improving; the... cleaning 

-- * * ■* - ' . ' I'. - ' - **■ ■, 

. ^ . • * ' . »».. •- • 

. ; properties , and f orming an . excellent . image . . If toner which 
is prepared by : toner polymerizatipn to have/a /Sihall /anif orm . 

10 particle size is . to . be : emplpyed- to improve the image 
quality ; the ' cleaning 'properties . ^ may degrade. With 
external ■ additive .compounding to the: ; toner of the present 
invention, the developing/ and transfer .properties are. 
improved, , and the toner: attraction/ amount does not vary 

15' depending on the environment. In addition, the cleaning 
properties are improved. . ; 

// ' (3) A combination of the fourth and ; fifth, .aspects can . 

. . . provide .a toner., which is . suitable for use in . the image 

- . .. forming apparatus according to/ the first aspect; and' is 

20 capable of avoiding poor, transfer and toner filming and 
.• improving/ the .cleaning properties.- If toner which is . 
prepared' by toner Vpoljn^ to have a small uniform. 

' particle . size .is - to. be employed .. to . improve the .image 
quality,,; the . cleani .properties may /:degrade. • 

25 , Additionally, ±f a: transfer process is adopted to improve 
. - the = printing . speed, a poor .: transfer phenomenon; may occur; 

. • ' ■ ' ' ■ . ■ . - , ■ ' . ; .... . . . •< • , • '■ .» ■>■•■-. 

due .to double traiisfer. . With external, additive' compounding ' 
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- ; to the toner of the present invention^ th and 
transfer properties are: improyed/' and- the toner attraction 
: : . amount ;.does-' ^ not vary depending ' on . the environment.. In 

addition, poor . transfer" is ^ avoided, and the . cleaning . 
5 properties Vare, improved. ' / /. ■ 

V - ; ' ; ■ ".' ( 4) . A; combination ;of the f ourth and sixth aspects can .. 
■ : provide a toner which is. suitable for. use in the image . 
:, forming apparatus^ according '■ to.; the .first aspect.., and" is ; 
capable of avoiding poor transfer, and toner filming and ■ 

• : * - ' J • ' ' ' ■' . . - . > ■ » ' . ' ■ - '■ ■ ■ • • " " • 

id improving the . cleanihg-. properties.: \ \If , toner which :is 
prepared:bY> toner, polymerization ^ ^ have . a small uniform 
; particle : size . is to . .be employed to' improve the image 
^ . quality, . the cleaning .properties. ; may degrade, . With 

' , external additive compounding to., the toner of . the present • 
15 inyentionv. - the developing and transf er properties are. . - 

improved,, and t:he. toner, attraction amount does not vary 
' . . depending on , the environment. In. ■ addition, the cleaning * 
• - properties are improved.. - •; ■ / . . 

" • ■ ■ .' " .•.■'■*•■■.••-■"■■..,•"■■••" ^ -f : ' ■ .- • ' . 

■■ ' ■.: ■.- ■ • • ■ = - . • . • , . ■". . " ■ ■ ' .: 

The : above and many other - objects, features / and - 
20 -advantagesy of. the present invention. will become manifest, to " 
those skilled - in the ^ art. 'upon making reference to the \ 
following ^detailed description .and; accompanying drawings in • 
..which preferred, embodiments ; incorporating the principle of 
, the. present, . invention . a shown by. way of illustrative * 
2 5. .examples. . • y-. ' : ■ 

; . : BRIEF DESCRIPTION^^^^ 

'•"iV"'.. . Fig. ' l- Vis V sectional. ^. view . showing: the arrangement . of . ' ; 
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" ' an; . image apparatus according to the first 
>; embodiment-; of tiie present invention; and 

Fig. 2 \;is a .^ sectional; view, showing \ the main part of 
* - V the- arrangement . of an. image f orming, apparatus according to .. 
5 the second, embodiment of the present invention. 

DETAII£D DESCRIPTION OF THE PREFERWSD E 
' •/ First, the ' a-i^3rangement - of . an : image forming apparatus^ 
according to the- first embodimeht'^o the present inventiony: 
•wiilybe described, with reference to Fig. l..- ■ . ; " 
.10 . ' ; As shown..' iri Fig^^ comprising an v 

automatic document feeder 201 and a document image scanning . 
exposure apparatus- 2 02 is arranged at • the top of an image . 
forming .apparatus-^ main: body. GH. / Document sheets d placed 
' .. . on . the .document: table . of the automatic document feeder. 2 01 ' 
15 are . conveyed /by a -conveying means . ; An^ image of one side or 
images .of two ; sides of each document sheet. are scanned and 
. '.- ..exposed . by the optical system of - the . document image 
scanning exposure apparatus 202 . and , are loaded by a line: , 

■ * , . ■ . " ■ ^ .:,."*' * . - . « /* 

■ " » , . - * • . I. . .■ " . " . ... " ■ ' " ' "" ~ . 

• . ■ *■ ' \' t ' .- . . ■ •. w 1 _ ■ , • *^ - . . ■ '* • . - . , 

image ■ sensory CCD ^'y .-■ . ^ :'. 

20 - • An analog signal obtained ■ by. photoelectric conversion 
. * /of.- the - line" image , sensor ' CCD- undergoes analog processing, 
A/P- conversion, ■/ shading . correction , image "compression 

"'" , ■ . - - - ■ , ' -■ . I < ^ ' " ' ' ' " - * . . - , , - ' ' ..■■»"*■>•. i ' 

. - : \ ' processing,, and the like in an . image processing, section and 
is then sent to image exposing means 3Y, 3M, 3C,, and 3K\ 

25 •* ■ The . automatic.- docum feeder 201 has.' an automatic 

V ' ■' double-sided- document • c .means / ; The automatic, document 

' T: feeder 201 can ^ read,- continuously at a' time^. the- contents ; 
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of - the -d^ sheets' d; consisting, of . a large^^^^n of 

/.sheets- fed .from the document table and store them, in .a:. 
: ^/ storage: .means ; . For this reason, the - automatic document 
f ; - .feeder 2.01 is useful; in. copying the -contents of. a 0,arge ; 
. 5 ? number- of document sheets by a . copy, .function , transmitting 
the large, number of document . sheets d b^ 
, function., ^ or; the like, ^ " - ; ' . /: ■ . ■ ■ > ' 

forming /apparatus .main body GH:. is, referred 
. ; to. as a . tandem- type color image . forming . apparatus , and . 
10 comprises.: a plurality of . image forming sections . lOY, lOM, 

/ IOC, and .:10K/ a- belt--li'ke "1 6, a • 

' paper feed: means , and a fixing means "2 4 . . 

The image -forming ;section lOY for foirming a yellow 
; . image . comprises a ' charging means '2Y,./: an. . image exposing 
15 means 3Y, a developing. .means 4Y using toner, and a. cleaning 
' ' m^ans 8Y, all of which are arranged around a photosensiti 
drum lY serving as an image carrier. .....!* . ' ; 

The image forming.: section/ lOM for forming . a- magenta 
: ' image" comprises a .charging means 2M, an .image exposing 
20 means 3M, ^ developing means 4M using toner, and: a cleaning. 
■ "m which: are arranged around a pihoto.sensitive 

• drum IM-^serying as ari im:age carrier. ■ - . 

V \^-['' . . The." image 'forming section . IOC - for, forming ..^a . cyan 

. image: and 'image forming sectipn.. lOK for -forming a . black 
.25;. -image . have the same arrangement as '..the : image : forming 

■■ -sections : lOY and lOM-.' ' : * : ^ •/ - ; ■ - ; . 

; - : VThe " .charging ; means - ^Y- .and ..image exposing means .3Y,-. 
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the. charging means , 2M and image e 3M,; - the 

/ charging means 2 C .and image .exposing 3C, .and the / 

; ' image exposing means 3K . each :. 

. constitute a . 1 means . ' The intermediate 

5 : : . transfer . body . 6 / one of . transfer bodies., - is ain endless 
-.t-^. belt / ; :The iritermed body 6.. is tightly laid • • 

across; a plurality of rollers and piyotally .supported. • y' ^ 

- \ - ' * , »■ ■■■ - " ' _ - •- 

' *••", •, - '. ^ ■ i-^ - ... 

V ■ - '- .'I^ respective . colors.; 'are 'formed by the ■ 

' ; -.image forming - sections - lOY-/^ ' 1 lOK and .7 

10- sequentially:., transferred onto the 'pivoting^^ intermediate . 

"_. - • ■ , < ■ ^ . . • .■ ■ - • . ~ ' . "' , " • * ' ■ ' - - ' - 

- ♦- ■).' 1..-"" . 

■ -- * ■ • ' ■ • ' '" • ■ . < 

. !,.transfer b by primary ;transfer rollers 7Y, 7M, 7C/. and/. 

■ 7K. serving as primary, transfer .means . - . .With this operation , ■ . 
primary /"transfer ^ is to ; form overlaid color 

•■ images . •". ^- ■ --■•r--" ^ , > - '-.^ 

15 . . Transfer paper . P . serving as. another transfer body . . • 

- . . ■ ■ -%*.■:*■. .. * , , . . ■ . ■ - ' • . - ^ ■ * , ^ 

; which ,iS: accommodated in a paper, feed .cassette 20 is fed by 

; . -'^ a paper, feed means 21 and passes through paper . feed rollers 
, 2.2A, 22B,. .22C, and ; 22D,, registration ; rollers-. 23/ :and. the- 

.- .'like. The transfer paper P is. conveyed between; a secondary ' 
20 . transfer roller 7A serving^ as a . secondary . transfer, means U 

. and7 a' backup ^ r^ -73vV^rid thiis the ; overlaid color, images 

; . • are ..-transferred . onto; the . transfer paper . ?. . The color 
images ' on the .transfer, paper P are ; fixed. Iby; .the . fixing 
means : 2 4> . and the. trans fer - .paper^ by .. delivery . 

25 : rollers ■ 25 and placed on a delivery tray . 26 outside the 

r-' apparatus". . ^ ^ . ."; .- : ' :-'//^:. -T' /\5 / \ \-; . . ■ - 

V; ' ) : After, .the color- images - are ' transferred onto : the - ' • ' • 
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.transfer, paper P hyi the;, secondary, transfer- roller 7A, the • 
remairiing : toner bn\ ^^t intermediate " transfer; b 6 which 
. has released: the transfer paper P is removed by a cleaning 
' means ' SA: Note, that r reference - numerals 5M, 5C;/ . and 5K 

' 5 denote toner replenishing means for replenishing thq 

J . .. . . » . < . . " *, i ■ - ■ ■ ■ • 

. developing, .means: 4Y, 4M^: ' :4C , and. " . .4k^ w toners, 
•-^V^^^P^ctively'v ^•'^ '■ . V'"'--.^ ' -v:;. 

; First : Embodiment ; - ^ ; . ■ ^^^^^^^ V ^^^^ ^ ■ 

' ■ , i The . image : forming. . apparatus according to the ; first =. 
10 embodiment /of, the, present invention = and toner used' iri the,- 
image .forming apparatus will be described with reference to . 
- Fig •r." ; \/ ■ .\ '■ ^\ ' . ' ' 

■ : According- to the gist of the present invention there 

' ■ . ■ ' . • ■ . ■ ■ • " . - ■ ■ < . J , ■ " . I ■ ■ ■ < ■ ■ 

is ' provided . an; ^ image forming apparatus comprising ; image - 
15 carriers for respective colors of yellow (Y)., magenta (M) , : 
cyan^ "(C) / and, black . (K)v, developi for developing 

V latent, images formed on the ' image carriers -using toners of . / 
the corresponding colors, primary. .-tra.nsfer, means for the . 
. respective / colors for sequentially . overlaying and 
20 transferring.- the toner images in , the respective cplors - 
formed on the image carriers onto . the same intermediate .„ 
transfer body./ a secondary, transfer means for collectively 
transferring . the overlaid, toner- , images formed . on .the. \ 
' intermediate body onto a transfer, papery and fixing means . ; 
25 . for f ixing the toner . images ./.' The . developing means, performs • 
■;. development using toner in: which /-out ; of - five materials of., : 
/..silica., t itania ' ^-.bar iuitf ' sul f ate , . ' . fine polymer particles-, ' 



• : and a lubricant four .materiais, not including either .fine ' 

. \ - . ■ - ■ ■ . - •■ ^- . ., ' . .'- . ■ . ' " • ' , ' '. , •• - . ' ■ 

polymer , particles or ; .barium . s are- f ixed as an 

V external "^additive • : ■ v-/ . ^ 

V. / : An V. external _additive ; iS;: a^ c tp.;, 

5 be added to- toner ■ after = toner - particle ./format ion ■ in the 

' toner \. manufacturing step . .^ " According / to ' ■ . the present . ' ^ 

■ invention ■ external . additives with the' . following :. 

-• ■ * ' ■ ■ ' •■• ' ^ ' »' - ~" .'• • ■' ■ • ■ '■ . ' ■ ■. ■ , •• • , . ■ r ^ ^ . . 

~ •' ■ . - . ■ -■■ ' . - " .. . ^ . . ■. ■ •*''.••- "*' ' ' • . 

■ ; arrarigesment pref erably useid/' , : _ . 

: - ■ - ■ ' The \ first . toner.. contains an external additive . 
10 .comprising silica, titania, barium sulfate/ , fine polymer ; \ 
• .particles- and . a / lubricant and fixed., on the surf ace of the . 
■ .toner.;; . ■ The second, toner ; contains an external . additive \ 
. . comprising silic barium sulfate and a lubricant,. 

and fixed on the surface of the toner, .and does .not • contain : , 
. ;l-5 V fine polymer particles. ; The third toner contains another . 

, ; external /additive comprising silica., titania, fine- polymer ; 
. .... ..particles - and a lubricant/ and fixed on the surf ace 'pf- the 

toner, and does not contain, barium s.ulf ate. The fourth 
. . ' t is /either-, one of .the first toner, .second toner and . . 

. 20- third toner, in which a kind of external additive and it^..:^ 
. content! are ■ different ^from . each \ other , at ; least . .between 

• m ■ ' .' ■ ' • 

•" " - ' ' ',•'•'.'*'-• - » ,- / , _ » ' ' - " t " * . _ ' , 

..' - *■" ." "** " ** . k 

: \ :• black toner and toners of th^ colors othei: than black.; - 
; ■ • / > , The/, .m^ external . additive 

^ :\ c^ added to. toner will now be described- . In 

;* 25 /. the present invention^,: reviews are repeatedly performed by-;.;; . 

- . repetitive ' experiments , - and - external; additive components : ; V*- 

^ ■■/■■'^r^ / v' ;•■ ■■..-■■.^^ ^ .■ .-/;".---: "-,-;-.-.■•-:'•.-.;- 

, , . ' '.are pptim = 



'.. : ■. ;V^' 
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. . ;; :A-silica. alone c chargeability (Q/M) / An 

excessive amount: ' of ; A-silica increases an environmental 
;'' difference- in "electrif ication,, i'while an. insufficient amount 
' ' V - ^does " not : improve the - chargeability., . -B-silica . ' alone.. 

5 improves^. -the ...transfer properties. . An- excessive/ amount of 
^ :B-silica makes it difficult for . the . external additive to 
■ . , fix to the V toner surface;: ' while an insuff icient , amount 
; degrades; the. transfer \propeirties . J, ' , /'r' - : 

' - \A-titania alone • improves the . fluidity. ; : An: excessive 

, •.: . ^-i,..- • • . . '•. ":. ■■■■ .i ■■ * -. 

. 10 ^ amount ■ of " 'a-titania . inhibits ; and degrades 

.i '.. "■ . ■ " . - ■ ■ ' ■■ ' • ' ' ■ • ' ' I ' ■ : : ■ ■ ■ . ' ' ■ - ■ • ■ ' - ■ • - " -• 

the:.- repetition/, stability, an: insuff icient ..amount. 

- degrades ' the' , ' flu .... ..B-titania alone ; . controls 

.;■ electrification . ' . Aii excessive' ambunt of b-titania is 

' ■ - • ■ . - ■* , »..-•■. % " ' , . * ' , 

likely-, to; move -charges \" from., the toner surface to the 
.15 . , carrier 5ide.," thereby ■ degrading the . toner chargeability .- 
: On . the other hand.> an insuff icient amount is likely : to 
:.■ overcharge the toner surf ace ' \ '. ■ ■ 

Barium sulfate ; or fine, polymer particles /alone., form . a 
/ sandwiched..* ; layer /'at the. tip. of ^ a . cleaning, blade -j to 
20 facilitate' cleaning. An excessive amount of ..barium sulfate 
; or - fine ^polymerv particles 'electrification or 

: promotes "toner, . scattering*/ , while.; an insufficient amount 
' inhibits the formation of a .sandwiched- layer . ., 

.The characteristics' of. a lubricant will be\- described . 
25 . ..A f ilm . of /. the lubricant is . formed on the', surface of ' a 
;■; photosensitive" drum ; serving ^ as ,an / image carrier . . This. 
V . ; causes . the':! suf f ace.' ene^ the photosensitive*- drum to 
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*;v . : fall below that ■ of ^an.\ intermediate transfer body thereby 
V : inhibiting a .'sp-called poor transfer phenomenon.. ' The. low , 

surf ace ^energy of the; photosensitive drum also f acilitatesj • : 
.-.v./ toner scraping ., . .. ; Excessive \ .surf ace energy . is . likely to . 
' 5 " cause filming , (formation of a film mad^ e.g. ^ toner on 

;;v the surface of the image . carrier) on the .surf ace -of the ;. 
photosensitive: .drum, • while.; insufficient surf ace energy. 
• inhibits; the formation .of ..a lubricant; film. 

" With the : above-mentioned . optimal compounding of an ,; 
10\: external additiye/ "poor transfer . and toner filming are ... 
\ ■ avoided. 5 Poor compounding ^;is .:• likely ^^;^t cause either of .'^ 
.poor transfer'' and toner' filming. ' ; ' \ - * v ■ -^^-yi'' 

■ In the' d^ means,: black toner and toners, of 

. . the colors .other^ than- black are different in ; external. - 
15 ; additive., type and its'- content .for; the following ; reason , 
; Since toner of a cplor.V pth^r than black uises -a . large, amount 
> ■ ,pf organic pigment as . a colorant > the . resistance of the 
. toner ■- increases, .. thus resulting in - -an increase in 
■ electrostatic attraction force to the photosensitive ; drum. 
20 ; Accordingly, if . the remaining toner is of/ a, color other 
; >. than black,-; it is. more ... difficult ! to scrape - off. ■ by a 
• ■ ■ . cleaning . bladerthan - the -case of . th^ black toner , * If the , 
: black toner and . toners of - the colors, -other than .black are ■ 

: the same, ..the abrasive wear amount, - of the photosensitive • \ 
25 . drum for the black .to^^ by the- cleaning, blade /is likely 

* ' ' . 'if'' ^ • '» . '■ 

■ ■••■ to increase'.' . 'y'- r.-- .^':-[ ~ \ y': ■ .\ } ■ ■ • 

/ ■ . V ' ' when barium-; :sul fate is \:'to/ be. ^ employed . in ; the . 
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compounding o^f^ a tone:; external additive according to the 
; present, invention, the content of . barium sulfate preferably 
■ f alls - within 0 . T to 1' mass% with' ref erence . to the mass of 
■ : ;toner. ■ •.'Similarly,.' if v. fine polymer particles are v-to , b^ 
5 employed,, the content . of : fine - polymer; particles preferably 
> . falls ■ .within; ^0,1 to 0.5 mass%" .with, reference. to\ the toner , 
r mass . If a. . ^ to ., be employed, the;, content of the 

lubricant • preferably - falls within ; 0 ." to . - 0,4 iTiass% with; 
V • V ref erence to. the toner mass . : ■ Vlf the ; toner external ^' 
10 . additive .is, formulated such that; the components fall within 
. the ' above-mentioned ^r^ so-called: poor ■ transfer and 

. toner filming are avoided. r '. Otherwise , either , of poor., 
transfer and toner filming is likely to occur. 

. When silica^^ i be. employed in the compounding of 

the,, - toner / external , additive according, -to; the present 
invention:, .. the silica, preferably; comprises: two- kinds of 
silicas having different particle sizes ,. i. e . , A- silica and 
';. • 3-silica.; : -. A-§ilica: controls- electrification, and.-B-silica " 
: ' improves/ the transfer p By. using bo.th of , them., 

20 poor .transfer, and- toner ^filming are avoided. However, if 
: / : only one of th^^ is. to. be used,- either of .poor transfer and 
-toner filming is likely to occur. ^• 

When A-silica is - to be employed in the. compounding of/. 
' . the external additive according to. the present invention, 
25 / preferably, the particle size .of " A-silica . falls, within 10 
V / , to--^ 30 nm,;. and .its ^content : falls .within .Q\t\ to 0.3. Tnass%/ 
■ .with'.'referenee'^ t mass . ' Similarly', : when ■ B-silica 
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' ..is ', to . be employed,... preferably^ the . particle • . size of 
. -.B-silica falls within .20 : to 100 ; rim, and/ its /content falls. 
1^0 within 0 to 1: 5 rri^ with ; reference to the toner mass. • 
' • y/; . If the - external :; additive: is ; formulated : ^.such/ that /the > 
/5 v- ' components > fall ./ within -- the . ; above--mentipned/ - ranges , 
;v : so-ycalled poor, .transfer and toner . filming are .'avoided, 
-/. //..Otherwise, either, pf poor transfer and . toner filming, is/ 
likely to /occur. •■;■-//-•'-» -c'//,. 

^ r / ' VSh^n titania.'is- to be employed;, in the compounding of . 

10 " the toner;,., external . additive -according, to the: present 
invention,:- the titania .. preferably: comprises . two / kinds of 

■ ■ ■ ■ ' ' ' ' .''■■'*' ' -• ; ■- . " ■ , • > - ■ . , • ■ . 

titanias having .different particle sizes.,, i.e. , ■ a-titania ./ 
■ and.;, b-titania . . . A-titania,* improveis ; the f luidity, and . 
. . b-titania controls electrification; / By/using both of vtheih, 
15 .- poor transfer and toner . filming, are avoided. .. . .However,, if 
only one of them is to be\ used; .:^ither of poor transfer and 
;■ ;■ toner, filming is likely to occur.-/- If a-titania-- is to be / 
•■ ■- employed, - preferably, the particle size of a-titania : falls ■ 
within^ 10. to 30 nm, and /.its : content; falls -.within 0.1/ to 0.7 
20 iri.ass% with reference; to the toner mass . When b-titania. iS; 
.;. . to ;be employed .in. .;the compounding of / ^ the ^ toner external / 
additive / according /.to - the "present ! invention, preferably, 
V . . . . the. particle size of b-titania fa/Lls:. within 50 . to. 200 nm,, / 
. -^/ ; ; and ; its., '.content . falls - within ^ 0.1 to 0.5-^ mass%; ' with . 
25 / reference / to ■ the toner . mass If; the toner "external 
;■ additive /is-' formulated: such ^that . the components fall within. ; 
V /. the : . above-mentioned i ranges,, ; .30-called . poor transfer and:- 
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.^ tpder ' filming . ara avoidedv Otherwise;,-; either, . of poor- . 

* r/V transfer :and toner filming is; Tikeiy to occur; . , • • 
y ^y/ / ^X' ./'y' If toner which i prepared by polymerization to. have 

'/ a small /uniform •particle- si bev employed /tQ - improve \ 

5 - the image quality,; .the cleanihg^ p :may degrade. - 

■ ■■• ' .. Additionally /. assume that intermediate, transfer process is . 

' adopted to : increase the printing speed., . In- . . this! case the , 

■ ' ■ ■ - * - ' " 1. ■ - ' . " ... * ' . . - ■ ' ''V ' , - . ■ ' ' 

■ ' = . transfer process ' is ^ perf ormecl twice, in;.; total and thus a . ^ 

^.;' poor;-. . tr may occur.. / ■ .;■ ; With /the. 

10 - above-inentioned external additive. / compounding; these 
V- problems can- be; solved. ; ; . .^ .^ " . /; = 

. '/ ', The number average particXe size '. of ...an external.. . 
. /'additive/ is . observed with a- transmission electron 

• micrpseop measured by image analysis and -/the 
15 measurement, result is displayed. ' - 

Assume that >the^" particle size /of (^ach external. , 
. ; ; additive /component falls below the/ lower limit. . In. this 
■/ ■case/ since the physical: attraction force between -toner and 

■ . ■ " ■ ■' ■ .■■ ■ ■■ i. .- , , .■ ■ ■ ■ . -. ■ ■ ■ , "■ 

• a. cprresponding image carrier does not weaken, the transfer/ 
2 0 properties degrade,, thus resulting in- a decrease in image/- * 
. . density,. . On the .other • hand, assume that the part 

: exceeds ^the upper limit i. * In' this case , external additive 

.■ . ■ ' . - . ■ ' ■■■'■■•'»'-. ■ • ' ■ ■- ■■ 

.. particles are easily liberated from attracted toner due to 

. . stress /caused by stirring - and the like in the developing . . .* 

25 . means , and thus free external/ additive particles accumulate/ / 

' and re-aggregate in* the developing means . ;;,A large amount. 

of / particles: form, . the- core to. ...qause a - poor^.' transfer 
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phenomenQn and are liberated from : the toner: at the. time of ; 
. ' transfer : Since' the 'particles; are attracted; to^ surface - ' 

:v- ^Qf the image carrier /filming: .on the image. -carrier., surface / 
V V is^ -likely, to'-^occur--?V;/^ .-...:.■;. ■ ■ ^'■ / / .■:/'\v/f v'-;" / 

. 5 ; The use of /toner : having a number ' . aver ^ ., 

' ■ size ' of 3 to 8 m .. provides the developing means; .with, a 
:.' high resolution ; and enables formation, of images of^ ^n image. . 

'> / quality - excellent in / - sharpness . /• The.-'^v 

' '■' ■ ■■ .r - - '; : ;:;"\.;; • '.^ /,'; \-- ' ;. /'■ 

- particle size is more. pr^ 
10 /average particle \ size; falls within • this\ rangei , the number ' 

of /toner particles iwith; a - strong attraction force Which f ly 
: ■ to -/a heating member tO: cause offsetting decreases in the 

i ' • ■ ' ' ' , ■ . ' ' '■ . ■ . ■' ' ■ , . 

; . fixing step. ./The:- trans fer efficiency', increases and the 
; quality of half tone images , increases /: thus resulting.: in an 
15 increase in image, quality ; of fine .lines /'V dots and ■ the . 
like.^ . Assume that the number , average particle .size - is less 
/ ' than 3 ii m.^...;/ • In this, case, . electrification is not ' 
• S . suf ficiently performed, and toner ; scattering . may cause a 
• decrease/ in imagei . quality -and may adversely affect human. 
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Additionally / the . production efficiency ! may 



degrade/ . / On . the other - hand, .: assume that -the., number average 
piarticle./. size/ exceeds ii m. . . When . toner : scatters - around 
characters , the. scatter becomes so prominent . that it . can 
easily be recognized; by visual observation/ . . 

. The developing , means preferably performs:' development 
by using , a ; two-component developing . agent ; mainly: composed 
of:, toner./ and • carrier . .•/.;. A metai-. -material. • such * aS: / iron,.' 
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; ferrite/ magnetite , ^^^^^ o like is used; , as magne 

■ particles: of the carrier'. : Pref erably ^ v the . carrjier is 
- formed by\ further coating particles - with' resin or 

■ , is. . . a - .resin-dispersed, type carrier . in . whichi ;. magnetic. 
- 5 * particles are -dispersed - in- . resin V- The . resin composition 

■ ■; ; f or coating is . not ^ specif ically i - limited. : : For; .example , - an . 

. ; olefin- , . , : styrene-v ■ or :^ ^ s.tyrene-acryl--baseci:- ' resin;-... .is 

employed: : A resin, constituting the ; resin-dispersed;, type ;.' 

■• ■ .' - <■ ' " ' .■ ' . ■• ■ .-*■ ' . ' .. • ' . ••. • " ■ ' - ' .• ' . . 

, - carrier is not specif ically limited ■ and any resin ..known in 

10 } the ;art may -be employed. For .. example, ^ a ' styrene-acrylic 

, ■ . ' , ' - - . ■ • " ' ' . ' - ^ •" - • 

res in, polyester .resin, or;: the like may be ^e V/' - 

, . ' . •' T^^ of . toner manufactured by: polymerization can 

': • provide . a . sharp ' and; high-density- image ; ; quality . . 
^* . y .Additionally , . ' polymerization improves 'v: . ' the • 

15 : manuf acturability , Since this type of toner . (also referred 
. ■ ■ /. to„'= as .polymer toner ) • has a . uniform - composition and' a . 
uniform particle size,, it is easily mixed, with carrier on a ' 
developing -agent . carrier and is uniformly charged in. a 
: short period , of . time. , . This type ■ of ; toner, is thus . . 
20 preferable. .V A method for preparing polymer toner, will- be - 
■ . described 1: However ,'• the . present - invention ..is not; limited 
. to " this . preparation.; method. . /Polymer ; toneir . can^ be 
^^;:^'' .' m^ by /: the following process Resin particles . 

■ ■ • . having ;a number avera.ge primary particle .size of - 10 to, 500 . 
25; ,..nm, which . are. prepared by suspension; pplymerization ' o.r 
■;;. emulsion;.-; .:; polymerizatiori, are; . ••^!; ' . subj ected; : to ' 

. salting~put/f using / to. produce ;. s.econdary; .particles . ' 'An ' 
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organic solvent, .coagulant, polymerization catalyst, and 
- ; ; t /the .; seconciary; particles to 

^ ■ ; • per foirm .•polymerization/:.'. . When the. rate* of polymerization^ ... 
. : V ■ reaches 80%> the. polymerization catalyst is further/ added . 
: :;5.— t secondary particles (spherical v toner), in , 

-. ■ ;t^ solution to complete the. .polymerization. . .Carbon black, . . 
;;, a dye ,•; , a . pigment.., or the like, may arbitrarily be employed: ; 
'ks a cplorant.;used'for t^^ 
: " for example, channel black, : f irness; black, acetylene black, , \ 
i 10 ' thermal black:, .lamp black;; or :t^ ^ 
■ ■ : : ' : • ■• - Assume . that- the .intermedi transfer body • co^iprises - 

/an endless belt , having a.* resistivity of - 1 x 10^ . to 1/ x. 10^"^ . 
^^^^■^ - roller has a resistance\of 1 

^ X . 10- to V;l*^ Q , • and the backup roller serving as a 

15;/ backup member which. . presses ;the intermediate . transf er .body 
/ ;/ ^/ has/ a/ resistance, of - 1 X 10^ to ; 1 x. 10^°\. Q . In. this Case, 

transfer / is performed without any , toner, i scatter in an . 
' - '.image', thereby achieving .^a high image quality. - : : ' 

■'^ Toner number particle; size distribution, toner number 
/ 20' average particle .size, ..and a .coefficient of- variation in 
• . toner number particle size distribution : will be described., 

■/-•.• ;'•, -below;--^; ..;,./; ^-z'- - '//V'' ;/-' •• --^^ ■ ■ : / r. -■■ : /' " ' 

; . " ■ , V. : . Toner .: number particle ^ size , distribution . represents... 
"/^ the': relative . frequency!. ^of. a /toner . particle- ; relative to • a . 
-25 ./- particle , size . /Assume., that; the s of toner particles - is.; 
'■://. D -. ( ii m) ..; • In ; a : number-based ■ histogram ;/whicb-; 
' ; ; :r/^n distribution., natural, logarithm- . 
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InD : is taken as / the abscissa and th abscissa is divided 
V, - ;v" into a : plurality- of claisses -a an- interval of 0 . 23 ; The 
/--v,:-,; toner number particle size distribution is a ratio,- {%) of 

; the - sum : (M) ' , of the .: relative frequency (ml) . of ; toner ^ 
. 5.: ' particles included ■ in;, the highest-rfrequency class and the. 
^r',-: , relative frequency A, {m2) of toner particles ./includ the-; 
second--highe:st^frequency. class .;. - ; ^ ' . ' - \ 

Number ./.-average ' ^particle- ^ size , (Dn) represents \ an 
; - ; ^'ayerage / diameter : , in ^ . the ; toner nun^ particle. . / size : 
10.-o.-"distribution: . ' \ ' •■■ . i^' '\ . ■■ . . : \. 

' ■: ;^ - Number /variation . coefficient .in. toner number, particle : 
size distribution (also referred '.to ; as a number va.riation . 
. coefficient of ■toner) is : ./ calculat by toner number 
• ■/ variation coefficient.' =;-... (S/Dn) x . .100 where .S 

15 ; represents the standard, deviation in toner number particle 
size distribution, arid, Dn represents a toner number average 
;; / particle size • ( r m) , ; variation;"- 
. /. ' coefficient . falls within 15 to. 22%. When the toner number 
/. variation / coefficient falls - w range, voids - of a -/ 

20 transferred, toner . layer decrease, and the charge amount . , 
'■: distribution: ; is . narrowed. - -This • increases the transfer/ ■ * 

efficiency .V'..-. . .'' i / > 

• ■ • Image formation . of: ..a. . document by the image . f orming ■■ 

. / ;apparatus\ according to the ./first - embodiment. . will be , , 
described with reference to Fig.;.!... . , 
: • First , - the 'document^ s iread as r image. = data 

. .by . the document image.' s.canning.; exposure; means 2 02 . ./.; Digital 
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exposure is performed for the photosensitive drums lY, IM^ .■ 
1C;,.V and -IK based on this/ image; data to form latent images ;\ 

- . - - • -. . r ■. ■ - . . ■ ■ ■ , ■ '. . , . - ■ ■ - - - . . 

on the respective photosensitive drioms.; ; Each latent: image V 

■ • ■ ■ ' • ' .'".*"'•... " ..... , -•. t / ' • . 

formed on 'each .photosensitive^ -drum is . developed, using any - 
5 ; corresponding . one. of :. the f irst to fourth, toners . ;.. Toner r • 
images- are: _ sequentially , overlaid . and transferred' onto, - the 
, ./ intermediate .transfer : body 6 ^ which .is common. . to the . four ■ 

■ colors / ^.-The case -of • yellow will be : explained by way ., of • . 

" ■ - ' - . ■ ' '■ i' ■ 1 '.■'-•>.-•-•" . ■ " .. ■ - . ■ ■..'*■■■ ■ ■ ■ . 

example.' A .toner/ image of ^. the photosensiti is : 

/ * ...... -i ■ - ^ . - ■ i ' • 

10 transferred ; onto the intermediate tra due - to. 

1 : voltage, applica^ 

: ■ A current .value ; of., the, secondary transfer roller: .7A ,.; 

as the secondary transfer me is then selected, and 

: voltage • is " applied . to the secondary transfer roller 7A. V/ 

15 Overlaid toner images are collectively transferred from the • 
intermediate transfer body ,6 onto. the transfer paper P, and 
the overlaid toner images . on . the transfer paper ■ P "are 
fixed.. With .this operation,. . a printed . image^ . can be ■ 

. - ■ -v-:-. obtained". ' ■^ • ■/■..-:■.■,;.. ;•'; 

20 - V With the above-mentioned arrangement, in the image , 
- y • : forming apparatus /-v poor -transfer ^ a filming are . 

•-■ avoided, .and .the cleaning properties are improved. /. The - ' t • 
image .forming . appa can form' a high-density image.'. V . 

■ e sharpness and the like. .. If , toner which / is . . 
25 prepared by toner polym^erization- to "have", a' small uniform-. 

. ■ ' , ' ... . " \ *^ ' f • - ■ ' ■ ■ 

n ' ' ■ ' * *. . . ' - »" ' ' . ' ^ , ■ ' ^ . * ■ ( ' ' ■ • ' ' r .. - < • 

* . ' " ' ♦ ■ ' . » ^ ■■ - ' ■ , . -*.■*.- . ' . / ■ , 

• : particle ^size i^ employed-, . the;, cleaning; properties - 

.. ' " . '- ' ., '• ' . .... " .' . . ' • . ■■ i ■' ' '. ■ ■ ". ' . - ' • r .... . , -" . 

may- .degrade'.,'.: Additionally ,v if /a- transfer 'process : is. 



' , -1:- ■ , . . i '. , . ■• V . .... • . . 1 - • . . I .• - . . . .■■ 



-24 



adopted printing speed; a poor transfer ; 

. phenomenon may occur .due to . double; transfer: . . W 
7 -toner • external; . additive : compounding: of the; present 
.:,v:- ; :i the .developing- .and, transfer properties - are ■■. 

•a : 5 7. improved., and. "the toner - attraction amount; does not vary • 
■;.; depending on the environment .. In addition /poor transfer 
: ;X xs aLvoxd^d, ;and the cleaning properties, are improved. The 

toner; is o for use in the . imager forming apparatus,- .. 

; ; , Second Embodim;ent : V " . • - ■ ' .. ' ■ I: ": 

' . . ■ ' "• ■ ' • J ■ • ■ . " • . « .' - • ^ ' . " . ■ ■ , . ■' " . - • 

- ' ' •• . . ■ ' ■ ^ ."^ ■ - ' ■ - ■ ■ . ■ . . • . 

■"■*'"* a * f ' ' " - , '„"*•-' '"• " ' ' ■ . '■ "*■.'' 

i - . - ■ » ' - . , v.* ~ * • ' f-. . ■ * ' " 

10. An image forming \ apparatus ; according to the. second; 

. . embodiment of ; the: present* invention:;. and toner; used -therein 
: • will be described/ w 2, . ■' 

Fig ; 2 is a : s.ectiorial view showing the ; arran of ' 

the main -part of the- -im^^^^ forming apparatus ' according . to . 
15\ the second .. embodiment .. of v.r/the . present invent' A 
description of .the; structurally . same;, parts as . the first 
embodiment will partly be. omitted. " -Toner to be used in the- 
second embodiment . is the same as in 'the first. .embodiment, 
: /. and a description .thereof will be .omitted. 

2b; ;.;. . In Fig. 2 / an; .image -forming section . lOY for forming a - 
■ . yellow -; image. ;* comprises;^;;a^^^ means 2Y, . an image'. 

;; exposing vihea ;3Y, k developing means. 4 Y using toner, and a. 

cleaning means 8Y arranged around a- photosensitive drum^ 1 
' An . image 'forming /section 10_M for,; forming magenta image . 
. 25 comprises a photosensitive drum . IM serving- as , an Im^ge ;- 
■ ••> ';; carrier, a charging means; 2M, .an. image = exposing means 3M, a . 

. . ,.- - ' '. \ ' .■ . ' . . . I ■ . ' . • '' ' . ■ ■ ■ • .' • ' 

; / . toner / developing^^^^ 4M, and ; ^ cleaning ; means . 8M. An 
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. image .forming^ section. IQC/v.for. forming a ^ cyan image, and an . - 

- : image, forming: section lOK for forming . a black image have : . 

. - ■ - . • ^ ' " ■ . •• " ' ■ .-' '-'<. '■■ ■'• ' .- ' - " ' ' . ' •• 

: the ^ same., arrangement , as . the .image 'forming' - sections - lOYr and ; ■ 
: 1-OM. • The charging means 2Y ._ and, image . exposing . means 3Y, . 
5,: . the charging . means . 2M . and ; ^image . e^^ppsing .; means . 3M , . the 
' . charging^ means- 2C :/and-. image expo.sing ' .means : 3C , , and the . . 
. charging means . 2K and .^image expos ing^. means .SK constitute . ■ . 
"'latent . image forming meahs. \ - ■ v ;V / ' "^V^^/^ i 

Transfer paper -P serving as. a transfer body which is, 
accommodated . in ; a , paper feed cassette 20 /is • fed by . a paper. ; 
w .feed means 21 and -passes., through paper. feed /rollers .22A, ^ , 
22B/ 22C^ and 22D, and registration rollers:.. 23 .. rV -.^ ^\ 

Toner images - in the xespec.tive : colors- are formed on : 
. ' the photosensitive drums lY,, IM, IC, and IK serving as the . .. 
• 15 - image carriers by the image forming sections lOY,.' lOM/ IOC, 
' : and lOK. . and./sequen by ^; trariisfer .rollers .. - 

72Y, 72Mv 72C, and.'72K serving . as transfer means onto the . 

' '. . ' -■ 

' ' \ transfer paper P , which is conveyed on., a pivoting transfer . 

- . . . **",'. , . . ' . • ' . . ' ■ ' ' ' •'• ■ " 5.. ■. ■ ■ . . . * ' ' ' ■ ■ . '• •■ " 

belt 9 in the • direction of ah. arrow. ^ ■W operation, 

20: the ..toner images in; the respective, colors are overlaid , to. 

' ■ ' ' -J ' . - ' " rf» • . ' . . • r. • * ' * , 

,■ 1 . ' * ■ - . , i ' ' i 

I- ' " . . ■ • ' ■ " - " , . . - ' ■. ' ■ , 

.. . form a color image on the transfer paper P.- . .* ■ ■ -■ ., 

■ ••- - ' > "v . ' ■*■ ■ 

•'. ■ ■ According to the . gist >of the present . inyention> there .. 

* -V is provided, an; image^^^ f - comprising image / 

carriers for respective' colors* of yellow.; (Y) / .magen^^^^ (M) . 
: 25 " cyan (C) , 'and black : (K) , devi^loping means :for .developing . 

- latent images formed on the- image carriers using; toners of 

' ' ' ?: - ■ -.' ■ V ■-■ ■■ : . : ' • . . ^ ■ " /■ ." ■ .■ - . ■ ■ ' 

. - the corresponding colors, 'transfer means; f or,; tHe- respeictive 
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• . -;t colors f or ..seqiientially.. overlaying . and. transferring the 

toner images; • in the ■ respective; colors : f ormed pn the image .: 
■ V/^ ' carriers, onto the .same transfer paper , .and 'fixing means for 

flying the .overlaid toner .images von^ the /transfer paper,. ■ 
^ 5 The deyeloping:. means performs developipent : using .toner in " 
. ' which, out of five materials of. silica,-, titania,; barium 

' , sulfate',,; ...fine- polymer \ particles.,- , and a . lubricant, four , -y- 
. ' materials :.n -including either : fine polymer particles or 
■ barium .sulfate are fixed as; an external additive: - : * 

-- _■, • r \ 1..'..,.,? ■ , ^ . i , - *. • I ".■ 

* * . ' . .. r ■ "■ ' -i ' i ' - ' ' ' ' " ' j^- ► . ' ' * * . - " * * ■ ' . ' ■ ■ 

10 ; ' * ; / ; Image - formation vof a document by the^ image • forming ; 

■ - : apparatus will be described Mainly.. w 2 . 
: " and partially with reference ;-to Fig. 1. .:.:3 '; ■ / 

: - y ; ■ l F image data of a .document is read- by the 

1 *■'■.. * , ' ■ ^ * ' _ . . ' \ , . ' * * 

document; image scanning exposure means shown in Fig. 1.. 
15 . 'Digital exposure .is \ performed.;, for the photosensitive drums 
1 " lY, •;1M,\. ley. :and^ IK by the .image exposing . means ' 3Y/ 3M, 3C,; 
; ^and • 3K ' to. form latent images ." on' ' the respective 
. photosensitive drums. ■ x A, voltage, is then applied to. the .« ; 
t . 72M,. :72C,;.and; 72K serving, as transfer . 

20 ..means for the respective colors. . As described in the first. 
- embodiment, each of . the . latesnt. ' ..images •;. formed, on the. . . 
photosensitive, drums lY , ;* IM,. IC , and^ .1 by a ; 

• ' /corresponding one .. of the _ developing means. 4Y., 4H,. 4G, and • .. 

4K using, any. corresponding one- ,of. the first; to . fourth / 
25' . toners .• . Toner images are": sequentially overlaid . and . 
y transfer red. onto ..the transfer .paper . P!. • The ■overlaid .tonei: ' ■. 

■ . ^.images ■■• are . fixed \ by; a Vf ixing means 24 ; to .form a color ; 
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: image... /. . .., i ' .■. 

; ; - With: the ; above-irtentioned- arrangement, in ;the image 
forming apparatus /./ poor, transfer . and * toner . ..f ilming are; 
avoided; and the cleaning properties are improved-.^. ^ . T 
- 5: ; . image ' i fdrming^^^^^ apparatus can ' : . form a " high-density image 
.excellent- in sharpness-, and the Mike. .The toner: is .optimal 
■ : f or ^ use . in. the. image f orming apparatus . If ..which is- 

' V prepared "by toner polymerization to": haye' a small juni form 
] . : p is. . to ./be '.employed . to^ improve the image. 

10 - quality , the cleaning p?:operties - may yd ■ With, the 

; toner - external ; additive cbmpounding , of . the . present 

■ - ■ ■ ' • " ' . ' i - - . - ' - ■ . ■-. _ 

dnvention, "the/ developing and transfer : properties . are 
. .improved, and. the \toner attraction amount does not vary 
:-' depending on the enyironment . . Ih . addition , ;,the . cleaning • 
15 .properties are improved. . ^ . 

• Experimental Example: .: /-^ r ~ ' -/ ■■, /^z- ■ 
■■■"[ .. . An experimental , example of the present invention will 

• be described below. '^^' H invention is., not 
' V:/ limited' to . the example ■ > 

.20. Image Forming Apparatus- and Sample of Developing Agent; . . 
'. ~ ' Image formation ' was performed: using the image forming 
'apparatus shown in Fig., 1 under thie: fpllowihg conditions.; 
■y • Each, photosensitive drum: The, ' photosensitiye drum - had an 
\. : outer diameter ' of .6,0 mm ^and . employed • an \ organic 
25 ' Semiconductor : layer ^ to , which, a . pihthalpcyanine pigment - 
dispersed in . polycarbonate; was applied. ' : The .!. thickness, of . 
th^ ; photosensitive body;; layer incl.uding a. dharge trahspbrt 
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j\ . layer • was '2 jLtm.' The potential of the non- image portion 
/. of ' eachc. photosensitive drum was / detected ^ by "a:, potential 
. "sensor V arid 'subjected to V. feedback (controllable 
/ range is ifrqm . -500 , >V to : -900 V) exposure 
; 5 potential waa set tO:- -50. V /to 0% V.. ; : : ' , A 1 

:-.^ /^ Linear, .velocity , of "each photosensitive drum: 22.0 mm/ sec .. 
, • Exposure: . Exposure : was performed according ; to a laser • 
:. ■ ' > scanning, scheme . us irig a ; semiconductor laser/ whose; -output 
• ; . .. . power; was set: to -30 0 jt^m. / . ■ ' ■ " ' ' ■ / : ' : - " ' ■ ' " 

10 ■ • ^ Primary ^; transfer^■ /means :^ The conductive foam primary 

' transfer:: rollers 7Y, 7M, .7C; and 7K were mounted on the 

■ - ' . • . .■- • ■ , ■■ _ " ' - ■ . , . ' ■ ■ ' ' 

rear surface ;of the intermediate ..transfer body .6 . 

Pressing force of primary transfer roller (primary - 
: .:; transfer means) : '.a ."pressing, force / ; . . . " " 

15 r Primary transfer roller . (primary transfer means) : :.The\ 
primary transfer; roller, had an outer: diameter ..of 20 mm and. 
a "resistance of 1 X 10^- Q. ./ ; ; /. 

.: •Current; in. constant ;:_current control: ..25 'ixA.\ ' -1 ; . ; ■ .. 

. . ■ • Resistivity -of. intermediate transfer body: /I :.x^ Qcm ' . 

20 " • Tension of belt serving as intermediate . transfer body . at : 
.-.- the time of application of . 500 . V: 49N . v,/;^ / " ^ .. 

• Load of cleaning blade:: 20; g/cm^ : : ; ; . • 

""' I **' ---- - *" , -*•*- --■ _ * 

- . ; ' ■ " ~ ' " • . ' :' ' I ' " ' ' ■' ■* i ' '* . ' . ' . . ■ 

; ^ Fixing: Fixing was; performed by a roller /incorporating, a 

• ■ ■ ' /'^•'■". /■ ..' "/'■•■■■■.■ ' ■ ■■■.\''-^^.-r • 

■ heater . :-/ .• / ; -.'-,,] , '/■/.:■••■■ '-^ ■•.''•■./■ .;•* "'. 

25 ' ^ /Toner ' replenishment ; apparatus :/ . The /toner replenishment/ 
/'./ apparatus ; replenished / a developing-, agent, carrier// with: • 

- . ••■ V ' ■ -. . •> • ''v.- • •••• .. • • - ■ ..... , * i,'-' • •■ ':- • -f — •-■ 

■ -\- toner!. . "-^ • ^ y' ' : - ' -'■/■. '•' / -y /.,•■■ . s/r'v ..'^^ 
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.-^ Samples of - developing, agent.: The samples, were .a5 follows , 

: ; - As the ; /first : tpner '\ -sample , - toner prepared in 
Y'l :r ^ accorxianc^. with . thq following external: ^ formulation 
;.\ -'%;^A was. '"used. . ' / \'. ^.-y 'v ■ = ."/ • 

; 5v;: : ; '\. In the f ormulationj A;, the content of A-^silica was . 0 . 2 
' / 'mass%, the content . of B-silica was " 0 .5 mass%, the -content 
. of : a-titania- was ' 0 . 4 :mass% > ' ..the . content: of .; b-^titania was 
. : : 0 -: 4 mass% , the • content.- of barium sulfate was 0 . 5; mass% ; and 
■ -V the content ■ of* a lubricant (calcium .stearate) was. .0.2 
10. ' mass%-..."-;"".-- ■ ) \ ' . V"-^' ■.;-Y' 'y ■ .^'- 'y ' - ' ,. 

\As the -second toner sample, toner prepared, in 
' accordance with the; following external .additive, fprmulation 
B- was* used. V-' ' .' " . ^--^ 

In; the formulation' B^ ' the cont of' A-silica was 0.2. 
15 ,mass%, the content of : B~silica was, 0 . 5^ mas s%, the content 
of a-titania ■ was b . 4 maLSS%V ;the content of b-titania/ was 
. . 0.4 mass%, the . content of fine polymer pairt idles - w 
. mas3%,. and the content of a lubricant . (calcium s.tearate) 
was 0,2 mass 

20 ./ ; . As . ' the third ' toner sample / , toner prepared .• in. ' 
' accordance with the^ following external additive ./formulation 

>vc'-was' used ■• ' • ^ . ■O-"' 

'. In , the f ormulation C , . the content , of A-silica was - 0 . 2 ; 

' ■ - * ' . • '\ . . ., - • .' ■ ^ .' ■ ' ■' . • . -■- •' . - ■, ■ 

■ ; mass%, the, content- of B-silica was 0.5 mass%,. .the content 

.1 . . . • ' ' ' . . ■ - ■ ' ■ ' ' • • • " • ^ • ' • \ •'■ ' • ' 

25 -of a-rtitania -was. 0', 4^^ .m^ the., content : of b-titania was . . 

O.4.. mass%/ the. content -of: fine polymer particie3 . was; 0.2 
. ^ma.ss%, the/: content' . of .barium sulfate, wa s' : -0 3 •• ma s s and - the * 
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' : : V- content of . a lubrica^ stearate) was; 0.2 mass%. • ' 

.. 1 As . va ODlack: sample using the- f ourth > toner, toner^ . 

^- . ^ prepared in accordance with the following external, additive: • 

' 

'7;;, / formulation; D was : u ; ..^ j;.- : ^ a. • ...* ,./ ^ 

5 - ' In ;the formulation. D, . the content., of A-:'silica : was., 0 .2 ; 
; mass%, . -the content - of B-siliea was.; 0 . 8 mass%, the content . ; . - 

•;of , a-titania was . 0 . 4 mass% , the .content of b-titania^ was . ; 
: : Q - 1 V m^ the' content of ? fine polymer particles : was 0.2 

" * - . , . ■' * ' \ • . ' ' ' ' " " . - , ' ' ' • . . * ■ - ' . ■ , 

, ' : 1^ ■ and the, ; content of a .lubricant (zinc . stearate) was 
10 V-'.O . 15 : mass% .As -toners of the • colors, other than black, 

i .,eV,v yellow,; m and cyan toners, ones prepared in ■ : . 

■ • " ^accordance . .with the .above-rmentioned external additive . 

• . ■ ■ f ormulatiph - A were used. - . , , . \^ 

:^ J\:J',\.r '/ As^.\tJhB\^ first /comparative, sample, . toner ; prepared in 

.15 V accordance; with a toner external., additive formulation' E.\ 

■■ : ■ ••. ^ y," ' ' ■■ ■■ ' f": - 

pbtairied by excluding the . lubricant from the toner- external 

additive formulation A was used. As the second .comparative 

; '-^^ in accordance with; a toner external - • 

additive .formulat F obtained by excluding barium sulfate 

'20 : . fofom/the t additive formulation A was 'used.. 

y -y..' Measuring,. Method:. /• . - v v i-.- ■ ' :.7" - :. 

. / : . / ■ To measure; a poor transfer phenomenon, a: chart with 

' 100 dots on it was visually observed to count . the number of ' 

V dots , each .of which exhibits :a poor transfer phenomenon. 

' ■ . • ■ . - , . . ? * ...» I ; * -' ■ ' - ' ' ' * 

; 25 - , . ■ .To ' measure the • cleahingv properties, . a. process of . 

/^ ., .cleaning: a - p^ with an A4-size ^olid toner-.'; ' 

. ^- , image '• •{ toner : ' attraction . amount : vO . 5 mg/cm. ) ; . / without 
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; ^; > trans ,ten: times.. The 

j : -'• ; ^ ^remaining - state was . yisua:ily . observed on- ' thje 

■ . . photosensitive , drum. an* A4-size solid toner image ; 

■/ mg/cm ) was transf erred onto- ■ 

-.5 a belt (intermediate transfer body) in primary transfer;: a 
process of cleaning, the; belt without secondary transfer was^ 
continuously repeated ten times T toner remaining state • 
: - was^ y : . 

. ^ To measure / the ; durabili an. investigation: 

10 chart ^V a^^^ chart - which;,^^ i bpth. characters "and . / . 

photographs, and; had a^ of 10%. was used. - . 

Experimental; Result :;■ .' - ' y ■. - ; 

I ^ Image , formation.- is performed ..under - the 
. / above-mentioned . conditions , and 100 ^000 copies were made '. 
15 As a- result.^, according to; -^^t an external additive . ' 

formulation of the : present v invention/ no; poor transfer 
: '/ phenomenon.'-. occurred/ • the^\ 'c properties -were 

/ excellentV and no fogging .or > scumming due to tgner filming/. . 
. /.' occurred:. /..Ey -a -high density and showed a sharp . 

20 excellent image. \' ^ / /' . - ; • * ; 

■ -- ;. ; Tn black ■ toner , ' the contents;, of barium . sulfate and ■: *' v- 
: :\ [\ f For this ' 

* / j\ ; ■; reason the load: of a cleaning/ blade ; which ; removes / ; 

■ remaining toner on ; the photosensitive- drum.:.: could be ' 
25 reduced. 'The , abrasive; wear /amount of the. photosensitive:. 

/' .//■-. drum' was. as . small .'as. 0.2; >M:m with respect to; a. slide 
, // d km. • ■ ■ .;: / / 
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' :\ -'Note that " . in\ the " case -of the first comparative . 
: sample a poor transfer., phenomenon^. started to pccur , at the 

l./OOOth- :,copyV and \:a cleaning ..failure. ■ occurred at . the 
- 10 , 000th copy '. vL .In the . case of toner . using the.-; external 

additive of the : second comparative sample, no poor transfer : 

phenomenon occurred J . . However , fo^^^ scumming due to.. 

:tpner filming occurred at the 20,Q00th copy. 
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